With the objective to establish the lactation persistency and its variability as affected by different factors, the study assigned 953 lactations of 310 Bulgarian Murrah buffalo cows bred on the farm of Agricultural Institute -Shumen within the period 1967-2009. The main method of measurement was the mean post-peak milk yield reduction. The data were processed by the conventional statistical procedure, as well as by the software products LSMLMW and MIXMDL. The persistency of milk yield after reaching peak was established to be relatively high (89.22%). Its variance is to a great extent explained by the factors days in milk (P<0.001) and parity (P<0.001), defining favorable effect of increased lactation length, and adverse effect of advancement in lactation order. The significant effect of season of calving (P<0.001) is expressed in higher lactation persistency in the autumn and winter calvers. The other environmental factor, period, and the genetic factor (individual) are significant at P<0.01, while the effect of productivity level is not. The portion of the peak yield was estimated to be 15.75% of the lactation productivity, the percentage of the greatest yield drop -11.38%, the persistency ratio between the first and second lactation half -73.60%.
INTRODUCTION
Lactation persistency is considered an important functional trait since it is associated with health status of dairy animals [1] [2] [3] [4] , profitability of milk production [5, 6] , and reproductive efficiency [7, 8] . The variety of methods to measure it is great [9] , most of them regarding the monthly reduction after peak yield is reached as best indicator for the ability to maintain relatively high productivity level with the advancement of lactation [10] .
From selection standpoint, it is noteworthy that in buffaloes there is relatively high variability in lactation persistency [11] [12] [13] , observed also in our preceding study on lactation curve [14] . The improvement of this trait necessitates knowledge of the factors determining its variance. The sources of variability in persistency are associated with heritability, hormonal status, udder morphology, seasonal effects, management, animal health, stress, and nutrition [15] . In different studies such effects on lactation persistency have been subject of research in different conditions worldwide [16] [17] [18] [19] , as well as in the Bulgarian Murrah [11] .
Although those studies have established that persistency and lactation curve are significantly affected by environmental factors, other research works have shown that they are moderately heritable as well [12, 13] .
The objective herein is to study the persistency of lactation defining the reduction in milk yield after peak *Address correspondence to this author at the Agricultural Institute -Shumen, 3 Simeon Veliki Blvd., Shumen 9700, Bulgaria, Tel: +359 889808535; Fax: +359 54830455; E-mail: tzonkapeeva@abv.bg in Bulgarian Murrah buffalo cows and the sources of its variability.
MATERIAL AND METHODS
The study assigns a total of 953 lactations of 310 Bulgarian Murrah buffalo cows bred on the farm of Agricultural Institute -Shumen within the period 1967-2009. The lactations used consist of at least eight monthly test day records and have milk yield per normal lactation of at least 500 kg. Lactation persistency was measured by one absolute and three complimentary methods:
• Mean monthly post-peak drop (absolute measure):
M P -milk yield per peak month, which in the majority of cases is second lactation month, in 278 of the cases -third, and in 38 -fourth; hence, the lactations were selected to be of at least eight, nine, and ten test days (months) respectively; M P+N -milk yield in the N-th post-peak month (N= 1…6);
•
Percentage of second lactation half out of first:
M 5-8 -total milk yield for fifth to eight month of lactation; M 1-4 -total milk yield for first to fourth month of lactation; The pool of data was processed using the software products LSMLMW and MIXMDL [20] , the model for P MEAN To establish phenotypic variation, the data were also processed using the conventional statistical procedure.
RESULTS AND DISCUSSION
Principally, the idea of measuring persistency of lactation is to express a complex individual characteristic of an animal in one mathematical value, so to use it for further research or implement it in selection. That is why the methods employed are rather variable [9] , in correspondence with the peculiarities of the herd and the policy of the farm. But whatever the measurement approach, it should be borne in mind that lactation persistency is not to be considered independently but together with the other characteristics of the lactation curve. Specificity of the lactation of the Bulgarian Murrah buffaloes is to usually attain early peak, the yield decline being a major part of it [11, 14, 21] . Hence, the present study employs as an absolute parameter the mean yield reduction for a constant of post-peak monthly records (six), giving a weighed value for each lactation. Similar is the reason to use the complimentary measure P DROP -a general expression of the total decline, also weighed on the basis of fixed days in milk. The other complimentary methods involve also the first lactation months, P HALF being indicative for the milk yield in the most productive lactation part, in view of the fact that some buffaloes peak in the third and even in the fourth lactation month; and P PEAK% characterizing the peak productivity itself in comparison to the milk yield per normal lactation, which is another more general aspect of persistency.
The results of the statistical data processing ( Table  1 ) indicate the mean post-peak persistency (P MEAN ) is 83.68 % with relatively high coefficient of variability -CV= 22.26. The established persistency mean is approximate to the values from a similar measure of persistency reported for some buffalo breeds [16, [22] [23] [24] , and is much higher than that for the Egyptian Buffalo [13] . Nevertheless, in comparison to their results, the phenotypic variability resulted herein is greater which is to be considered in selection.
The variability within lactations of different order ( Table 2 ) is normally lower than that for the general pool of data. Despites, compared to the coefficients established by the above authors [13, 16, [22] [23] [24] , it is still relatively high. As the data show, the phenotypic value of the post-peak persistency is highest at first lactation, corresponding to a milk yield of 1677.3 kg. The rate of persistency relative decrease from first to third-plus lactation (5.2%) is comparable with the respective increase in lactation milk yield (7.8%).
The milk yield from fifth to eight month is 63.87% of that for the first four test days (Table 1) , and the persistency percentage from peak to lowest monthly yield comes to 87.02%, i.e. the portion of the greatest drop is 12.98% out of the eight-month productivity. The percentage of the peak yield out of the normal-lactation milk yield is 16.16%. P DROP has a markedly lower variation (11.99%), presumably due chiefly to the low variability in a shorter period like peak month [14] , as compared to that in the four-month periods predetermining the high coefficient of variation of P HALF (CV= 34.82).
The results of the analysis of variance (Table 3) show that days in milk and parity explain greatest part of the variance of persistency, the F-values for the absolute measure of persistency being F= 30.89 (P<0.001) and F= 21.54 (P<0.001) respectively. For the range of variability of P MEAN among parities of different order can be judged from the phenotypic variation in the overall pool of data ( Table 1) as compared with that within lactation orders ( Table 2 ). The effect of lactation duration on P HALF is not so markedly expressed but still highly significant (P<0.001), while the F-values concerning P DROP and P PEAK% are highest -F= 52.29 (P<0.001) and F= 64.16 (P<0.001). Earlier evidences of persistency significantly affected by parity [19, 25] and days in milk [13, 14, 16, 26] are also present.
The results in the table indicate that productivity level has no significant effect on the post-peak yield reduction (P MEAN ), while it affects the ratio between the two lactation halves (P HALF ) (P< 0.001). There are studies showing significant effect of lactation milk yield on persistency of buffalo cows [16, 25] , another author reports correlation estimates of 0.19 to 0.27 [22] , but Dhaka et al. [27] conclude that the relationship between persistency and productivity could vary in wide range depending on the methods of measure.
Season of calving also exerts marked effect -with high degree of significance on P MEAN and P HALF (P<0.001) and with moderate on P DROP and P PEAK% (P< 0.01). The other environmental factor, period of breeding, is a source of specific variability on the absolute measure of persistency (P<0.01), but not on the complimentary measures (P>0.05). Some studies observe pronounced effects of the two environmental factors [16] [17] [18] [19] , while other do not [11, 13, 24, 28] . This contradiction indicates that the ability of a dairy buffalo to maintain relatively high productivity throughout lactation can be improved by optimization of feeding, management, and udder care.
The genetic factor (individual) plays generally well expressed effect on the variance of persistency, though expressed in low F-values. It is highly significant on the three complimentary parameters (P< 0.001) and moderately significant on the main parameter (P<0.01). This is in keeping with the established herein high variability of the persistency parameters, except for P DROP (Table 1) , as well as with the opinion that persistency of lactation productivity is an individual characteristic of dairy animals determined physiologically [22, 29, 30] and genetically [12, 13] . According to Ludwick et al. [31] , a major portion of its variation is a result of the inheritance of genes which govern the development and the function of various endocrine glands, the influence of sire or dam being detectable in this aspect. Table 4 presents the results of the effects of the three most pronounced sources of variance on lactation persistency. The values for the levels of the factor lactation length indicate that increasing days in milk results in higher persistency. In the case of shortest days in milk the absolute measure of persistency is lowest (83.28%, P<0.001), and in the case of longest days in milk -highest (93.70%, P<0.001), the total relative difference coming to 11.8%. To similar extent is affected P DROP , all the differences being significant at P<0.001 and P<0.01. Even better expressed is the overall relative difference concerning P HALF (17.5%, at P<0.001 and P<0.05) and especially P PEAK% (29.0%, at P<0.001). A number of studies on buffaloes also indicate that the longer lactations are more persistent [16, 19, 32] . Nevertheless, it should be born in mind that in such cases the productivity in the conclusive part of the lactation is comparatively high [14] , which should not mislead to postponing drying-off.
The results regarding the effect of parity (Table 4) are correspondent to those in Table 2 . It is obvious that the main persistency parameter is adversely affected by the factor -the value for first lactation (92.27%) is relatively higher by 4.5 and 5.4 percent than second and third-plus lactation (P<0.001). Such a high percentage of persistency at first lactation, can be explained with the relatively low (P<0.001) peak yield (P PEAK% ) (14.57%), compared to second (15.82%) and third-plus lactation (16.87%). Even more remarkable is the expression of the effect of parity on P HALF , where first lactation is by 12.6 and 18.1 percent relatively superior (P<0.001). The same applies to lesser extent to P DROP , also with significance of all differences (P<0.001). These results are commensurate with the observation of other authors [19, 25] that after first lactation buffalo cows improve their productivity chiefly because of the increased peak milk yield, lactation declining more abruptly afterwards to end up at a similar productive level.
The results indicate that more persistent are the lactations starting in winter and autumn, the differences concerning P MEAN being relatively small but highly significant -in the range of 3.5% (P<0.001). Similar is the range among the values of P DROP but with outstandingly highest estimate for winter (P<0.01 and P<0.001). Greater are the differences expressing the superiority of the buffaloes calving in winter regarding peak yield (7.3%, P<0.001), and especially those regarding the ratio between the lactation halves (11.1%, P<0.001 and P<0.01). The higher persistency of the buffalo cows calving in winter and also in autumn could be accounted to the fact that the post-peak lactation decline happens in that part of the year that provides for many high-quality fodders and favorable weather conditions. Likewise, [16, 33] also observed that the in-season calving buffaloes are more persistent.
The established herein relatively high variability of the persistency parameters, the significant effect of both non-genetic and genetic factors on them indicate that lactation persistency in dairy buffaloes can be improved through optimization of feeding and management, but also through selection with respect to the other important parameters of lactation curve and productive performance.
CONCLUSIONS
The mean post-peak persistency of lactation in the Bulgarian Murrah buffaloes was established to be 89.2%. The variance of lactation persistency is to a great extent explained by the factors days in milk (P<0.001) and parity (P<0.001), defining favorable effect of increased lactation length, and adverse effect of advancement in lactation order. The significant effect of season of calving (P<0.001) is expressed in higher lactation persistency in the buffaloes calving in winter and autumn. Peak yield was estimated to be 15.8 % of lactation productivity.
